Abstract: Nicaragua is a small country in Central America and little has been published about its scientific output. Most of its publications available in international databases are about medicine and are produced by Universidad Nacional Autónoma de Nicaragua (Managua) as part of international collaborative teams. In this article we analyzed in more depth, and for a longer period than any previous study, the presence of Nicaraguan publications in the Science Citation Index Expanded until January, 2016. In total, 837 Nicaraguan articles were published in 456 journals (the top journal is the American Journal of Tropical Medicine and Hygiene). Internationally collaborative articles with 94 countries accounted for 92 % of articles, while only 8.5 % were exclusively Nicaraguan. The most cited article described the use of ketoconazole to treat Leishmaniasis. The authors with more publications in the database were A. Balmaseda, R. Peña, W. Strauch, and F. Bucardo. The top cited, exclusively Nicaraguan articles dealt with health problems, forest tenure, and food production. The article citation lifespan is surprisingly long: over 70 years. Most citations start seven years after publication and are not recorded by the Science Citation Index, which for that reason cannot be considered valid to evaluate the impact of Nicaraguan research. The predominance of English publications may reflect a bias of the database itself. Probably most of the scientific production of Nicaraguan scientists is published in Spanish, in many regional journals not included in the SCI-EXPANDED. Nicaraguan research centers lack appropriate infrastructure, staffing and financial resources: future achievements for Nicaraguan science should include a fair presence of female researchers, peer-to-peer level participation in international teams, and less dominance of health technologies. Rev. Biol. Trop. 65 (2): 643-655. Epub 2017 June 01.
and Colombia; from Central America only Costa Rica has a significant presence because of its relatively large output (Miguel, 2011) .
Considering number of publications and investment, the most efficient countries in Latin America are Argentina (2.89 publications for every million dollars invested in research), Chile (2.25) and Brazil (2.0). There are no data for Nicaragua, but its scientific apparatus is similar to that of Guatemala which has a high rate of 5.87 publications, possibly thanks to its participation in international medical projects (Gantman, 2008) . In other words, countries with poorly developed science erroneously appear among the efficient countries because their authors exchange samples for coauthorships (Gantman, 2008) . Like everywhere else in Latin America, most "visible" articles from Nicaragua originate in state institutions located in cities, not in rural settings, or in private universities (Ríos & Herrero, 2005; Aguillo, Ortega, Prieto, & Granadino, 2007) .
A more recent scientometrics approach to evaluating scientific production in Nicaragua and other countries is the quantification of academic documents published on websites. In Latin America, website documents are produced in largest numbers by the three largest countries: Brazil, Mexico and Argentina (Aguillo et al., 2007) . Unfortunately, Nicaragua has such a small output of scientific website documents that it does not appear at all among top 500 countries in web presence (in Central America only Costa Rica appears in that group according to Aguillo et al., 2007) .
Nicaragua has been included in few studies about regional productivity, mainly regarding medical research. Statistics on biomedical articles in the 1980's found that Latin America was dominated by Brazil, Argentina and Mexico. From Central America, the leading country was Costa Rica with 160 articles in international databases, followed by Panama with 96 and Guatemala with 71. Nicaragua was in the lower group with only 49 documents, but it fares better if population size is taken into account; the per capita production indicates that the most productive countries in Central America were, in descending order, Costa Rica, Panama and Nicaragua (Cañedo, Hernández, & Fresno, 2003) .
Considering health articles in the PubMed database, Nicaragua is near the bottom of the list: the Latin American leaders are Brazil, Mexico and Argentina, which together represent 82 % of all articles. In Central America the leading countries are Costa Rica (0.55 %), Panama (0.21) and Guatemala (0.12). Nicaragua is in the lower group with a fraction of the production of its Central American neighbors, with 0.06 % (Cañedo, 2009) .
A general result of scientometric analyses in Latin America is that the countries with less scientific output have the highest levels of publications done under international collaboration. For example, collaboration rates in countries with large academic institutions (like Argentina, Brazil and Mexico) range from 42 to 34 %, while 90 % of Nicaraguan research included in SCOPUS was produced under international collaboration (Santa & Herrero, 2010) .
Despite its small presence in other areas, Nicaragua fares better in studies about access to health services, by publishing 1.4 % of all papers from Latin America, close to Costa Rica (1.6 %) and much higher than its other neighbor, Honduras (0.2 %; Raiher, 2010) .
Most information about Nicaragua only includes the country as part of regional analyses, but there are two studies that deal exclusively with it. The first, by Picado, Munguía and Rojas (2010) found that the SCI-EXPANDED included 216 articles in 150 journals, dealing mostly with medicine (30 %), agriculture and biology (16 %), and environmental science (12 %). The most productive institution was the Universidad Nacional Autónoma de Nicaragua in León, with 25 % of all publications. The second study, by Arencibia et al. (2011) reported that there were 529 Nicaraguan publications in the SCIMAGO database, 48 % from public universities, dominated again by the Universidad Nacional Autónoma de Nicaragua in León, but followed by Universidad Agraria, Universidad Centroamericana, and Universidad Nacional de Ingeniería.
In this article, we analyze in more depth, and for a longer period, the presence of Nicaraguan publications in the Science Citation Index Expanded, focusing on institutions, authors, temporal trends and citation.
MATERIALS AND METHODS
We used the Science Citation Index Expanded (SCI-EXPANDED), Web of Science Core Collection, Thomson Reuters. We searched for documents with the word "Nicaragua" in the address field and found 786 903, published between 1900 and 2014 (Date of search: January 16 th , 2016). In total, 1 107 met our criteria (see below). Document information included names of authors, title, year of publication, journal, contact address, and yearly citation. We downloaded the data to Microsoft Excel and manually coded for country, institute and journal impact factors. Errors in the data were reviewed by hand by a person familiar with the Nicaraguan research institutions (JMN). We obtained each journal's impact factor from the 2014 JCR (IF 2014 ) and article Web of Science Core Collection citations from publication to the end of 2014 (TC 2014 ; Wang, Yu, & Ho, 2010) . We also used C 2014 , the total number of citations of a paper in 2014 only (Ho, 2012) and citations per total publications (TP) since publication (CPP = TC 2014 /TP).
We reclassified articles from England, Scotland, Northern Ireland, and Wales as "United Kingdom" (UK); Zaire as "Democratic Republic of Congo", and some USSR as "Ukraine" after checking details. Here we compared Nicaraguan results with Honduras (similar in size and population) and Costa Rica (a smaller country) because these two countries are the closest neighbors of Nicaragua and are culturally similar.
A potential bias in the analysis of institutions might occur when authors used different affiliation spelling for the same institution (Fu, Long, & Ho, 2014) . We checked for this problem by hand and found up to 15 spellings for the same Nicaraguan institution, so we merged the data under a single, official name, for example, "Hosp Infantil Manuel Jesus Rivera" and "Hosp Infantil Manuel de Jesus Rivera" were merged as "Hospital Infantil Manuel de Jesús Rivera".
The top 10 institutions were ranked by the following factors: total number of articles (including the institutional independent articles, nationally collaborative articles, and internationally collaborative articles), first author articles, and corresponding author articles.
RESULTS

Document
Type and Language of Publication: There were 13 document types in the Science Citation Index Expanded from 1900 to 2014 (Fig. 1) . The maximal CPP value was in book chapters (CPP = 35) but only two were published: the most cited was "Decentralization of natural resource governance regimes" published in 2008 by A. Larson from the Center for International Forestry Research in Nicaragua and A. Soto from the University of Texas (USA), with a TC 2014 of 65. Most of the documents were articles (837 articles; 76 % of 1 107 publications), followed by meeting abstracts (129; 12 %), letters (75; 6.8 %), proceedings papers (26; 2.3 %), reviews (21; 1.9 %), and editorial materials (20; 1.8 %). We extracted 837 articles for further analyses: 95 % were in English (793 articles), followed by Spanish (29; 3.5 %), French (10; 1.2 %), Portuguese (3; 0.35 %), and German (2; 0.24 %).
Web of Science Categories and Journals:
According to Journal Citation Reports (JCR) of 2014, it indexes 8 659 journals across 176 SCI-EXPANDED categories, and Nicaraguan research appeared in 116 of those categories ( Fig. 2 shows the top 12 categories that published at least 30 articles). The top categories with at least 70 articles were Public, environmental and occupational health (124 articles; 15 % of 837 articles), Tropical medicine (76; 9.1 %), Infectious diseases (73; 8.7 %), and Environmental sciences (70; 8.4 %).
All tropical medicine articles appeared in only 19 journals and the most cited (TC 2014 = 135) was "Clinical, epidemiologic, and virologic features of dengue in the 1998 epidemic in Nicaragua" (Harris et al., 2000 
%).
International collaborations: International collaboration articles accounted for 92 % of Nicaraguan output (Table 1) and resulted from cooperation with 94 countries. This suggests a lack of internal capacity to produce publications included in the SCIEXPANDED; a possibility that is supported by the fact that Nicaraguan researchers are almost never the main authors of the papers (Table 2) .
Nicaraguan researchers publish most collaborative work (37 %) with the USA and Sweden (180; 22 %). Regional collaboration is done with the most productive countries to the South and North of Nicaragua, such as Costa Rica (92; 11 %) and Mexico (75; 9.0 %). The rest is done with other Spanish-speaking countries, Brazil (where a similar language is spoken) and with the main European producers of scientific literature (Table 1) . Furthermore, the top five internationally collaborative institutions were the University of California, Berkeley in USA with 55 internationally collaborative articles (6.6 % of 873 articles) with Nicaragua, followed by the Karolinska Institutet (35 articles; 4.2 %) and Swedish University of Agricultural Sciences (35; 4.2 %) in Sweden, National University of Costa Rica (27; 3.2 %), and National Autonomous University of Mexico (25; 3.0 %). The article "Oral ketoconazole in the treatment of Leishmaniasis" (Urcuyo & Zaias, 1982) from Instituto Nicaragüense de Dermatología was the most frequently cited Nicaraguan independent article with a TC 2014 of 79.
National institutional collaborations:
Of 837 exclusively Nicaraguan articles, only 1.1 % were national collaborations, which indicates a tendency not to publish with other local researchers.
Top institutions:
The most productive institutions are the Universidad Nacional Autónoma de Nicaragua-Managua (UNAN), and the similarly named Universidad Nacional Autónoma de Nicaragua-León (UNAN), which despite the names actually are different institutions since their separation in 1982; as well as the Ministerio de Salud (Health Ministry) ( Table 2) . UNAN-Managua published 26 % of the 873 Nicaraguan articles in the database. Except for five articles (7.1 % of 71 Nicaragua independent articles), the UNAN ranked top one in indicators such as total number of Nicaraguan articles (26 % of 837 articles); internationally collaborative articles (27 %); first author articles (5.1 %); corresponding author articles (4.5 %); institutional independent articles (15 %); and single author articles (13 %). On the other hand, the UNAN had no nationally collaborative articles. The top institutions are also the oldest: UNAN León, founded in 1680, is among the oldest universities in the American continent; UNA (National Agriculture School) was founded in 1917; UNI (National Engineering School) in 1941; and UCA (Central American University), run by Jesuits with scientific inclination and founded in 1960, was the first private university in Central America. The only "young" institutions among the top producers are the INET (National Institute for Territorial Studies), founded in 1981 to produce geographic data for development and environmental emergencies; and the Manuel de Jesús Rivera Children's Hospital, founded in 1982, which is a well financed institution that works in close association with European research centers such as the Karolinska Institutet and the University of Milan.
If institutions in Table 2 are labeled as large, medium and small by their productivity, UNAN-Managua is alone in the top category, i.e. it is by far the most important Nicaraguan institution from the point of view of presence in this database (Table 2 ). The Ministry of Health, UNAN-León and Universidad Agraria are mid level institutions, and the rest have comparatively low productivity.
Authors' performances and article time trends:
The authors with more publications in the database were A. Balmaseda, R. Peña, W. Strauch, and F. Bucardo (Table 3) . Ángel Balmaseda works with the Nicaraguan Health Ministry in the specialty of viruses (dengue, influenza, HIV) and publishes as part of international teams from the USA, Brazil and Thailand. Rodolfo Peña and Filemón Bucardo, from Universidad Nacional Autónoma de Nicaragua, León, study -among others-viral, gastrointestinal and pregnancy-related diseases, also as part of international teams often related with the University of Uppsala (Sweden).
By subject, the top Nicaragua independent articles by citations dealt with health problems, forest tenure and food production ( Table 4) .
The article lifespan is surprisingly long, over 70 years (Fig. 3) . The time pattern in the number of articles versus citation showed that articles published less than seven years ago have not yet accumulated a large number of citations (Fig. 4) .
In the range of articles with mainly foreign authorships to those with dominance of Nicaraguan authors, it is clear that articles led by foreign authors receive more citations in the SCI-EXPANDED (Fig. 5) .
For the most cited authors, citation constantly increased during the first decade, reach a maximum about 12 years after publication, and then start to decrease as the information becomes older (Fig. 6 ).
For the top five collaborative countries (USA, Sweden Costa Rica, Mexico, and Spain) the number of articles in the database grows during the 1990's and peaks in recent years, suggesting that growth will continue in the near future (Fig. 7) .
Details of publications, Impact Factor, references cited and top cited articles appear in Digital Appendices 1-3.
DISCUSSION
Previous research has found that articles represent the greatest proportion of Latin Larson (2011) 64 (42) 202 (2) Chemical composition and effect of heat on organic matter-and nitrogendegradability and some antinutritional components of Jatropha meal
Universidad Nacional de Ingeniería
Aderibigbe et al. (1997) 88 ( American presence and accumulate the most citations in the SCIEXPANDED (NielsenMuñoz, Azofeifa-Mora, & Monge-Nájera, 2012; Monge-Nájera & Ho, 2015) . The Nicaraguan case is atypical because a book chapter appears among the most cited publications and because health research represents most of the publications, in contrast with neighboring countries like Costa Rica and Panama, where there is a better representation of other research areas (Nielsen-Muñoz et al., 2012; MongeNájera & Ho, 2015) . Additional research is recommended to find out why Nicaragua is different from other Latin American countries. The predominance of English publications may reflect a bias of the database itself. Probably most of the scientific production of Nicaraguan scientists is published in Spanish in the many journals published locally (MongeNájera, 2002; list in latindex.unam.mx) . The SCIEXPANDED does not include those journals and thus misses both much of the Nicaraguan scientific production and most of its citations (this is a problem affecting all tropical countries: Monge-Nájera, 2014; Monge-Nájera & Ho, 2015) . In other words, the Science Citation Index cannot be used alone to assess the real impact of Nicaraguan publications in world science.
The importance of Sweden in international collaboration can be explained by scholarships that allow Nicaraguans to study microbiology in the Karolinska Institutet. To obtain their degrees there, Nicaraguan students must publish several articles in leading international journals. This mechanism gives Nicaraguan researchers first class laboratories, good financing, tutoring, and access to leading journals for as long as they stay in Sweden (B. Morera, personal communication, 2016) . Collaboration with institutions in tropical countries, in turn, allows the Karolinska Institutet to produce over 40 % of all medical research in Sweden (ki.se/en/startpage).
Three of our results indicate that Nicaragua lacks a strong scientific community: little of its research and citation is based on independent local work; most work is about solving urgent practical problems; and women are rare among its most productive and cited researchers. This conclusion from our data was also reached by the Nicaraguan scientists themselves: they have publicly complained that science is ignored by the Nicaraguan government and that Nicaragua is at the bottom of the research investment rank in the American continent (CEPAL, 2010; Massarini, 2011) .
A continuous lack of funds and infrastructure can lead some scientists to participate in the "Samples for Coauthorship" system described more than a decade ago by Mata (2002) . The system is based on local researchers providing samples and materials to teams based on rich institutions, in exchange for co-authorship in articles published in large journals to which only well funded researchers have access. If not based on equality, that practice can become unethical if the researcher from a small institution −usually located in a tropical country− acts as little more than a field collector (Mata, 2002; Huete, 2008) . We ignore if this system could be operating in some Nicaraguan institutions, but it is, nevertheless, better than no research at all because it generates information about local problems and gives local researchers an idea of how science operates in developed countries (Monge-Nájera, 2002) . Nicaraguan research centers lack appropriate infrastructure, as well as human and financial resources, have inadequate recruiting processes and underpay their scientists (CEPAL, 2010) . Our results about the scientific output of Nicaragua, as represented in the SCI-EXPANDED, corroborate those findings from five years ago and indicate that the situation has not improved. Future achievements for Nicaraguan science should include a fair presence of female researchers, peer-to-peer level participation in international teams, and development of innovative science, instead of the current extreme focus on health technologies.
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RESUMEN
Bibliometría de las publicaciones de Nicaragua en el Science Citation Index Expanded. Nicaragua es un pequeño país centroamericano, sobre cuya producción científica se ha publicado poco. La mayoría de las publicaciones disponibles en bases de datos internacionales tratan sobre temas de salud y provienen de la Universidad Nacional Autónoma de Nicaragua (Managua), que participa en equipos internacionales. En este artículo analizamos con mayor profundidad -y por un período más largo que cualquier estudio previo-las publicaciones científicas de Nicaragua hasta enero 2016. En total, aparecieron 837 en 456 revistas del SCIEXPANDED, siento American Journal of Tropical Medicine and Hygiene la principal revista. Un 92 % fueron en colaboración con 94 países, mientras que sólo el 8.5 % fue producción independiente de Nicaragua. El más citado en esa base de datos fue un artículo sobre el uso de ketoconazol para el tratamiento de la leishmaniasis. Los autores con mayor número de publicaciones en la base de datos fueron A. Balmaseda, R. Peña, W. Strauch y F. Bucardo. Los principales artículos exclusivamente nicaragüenses tratan problemas de salud, tenencia de los bosques y producción de alimentos. La "vida en citas" de los artí-culos es sorprendentemente prolongada, pues son citados hasta por 70 años a partir de su publicación. La mayoría de las citas comienzan siete años después de la publicación, por lo que no son contabilizadas por el SCIEXPANDED, que por tal motivo no es un indicador válido del impacto de los artículos nicaragüenses. El predominio de las publicaciones en inglés puede reflejar un sesgo de la propia base de datos: probablemente la mayor parte de la producción de los científicos nicaragüenses se publica en español en las muchas revistas locales y no se incluye en SCIEXPAN-DED. Los centros de investigación nicaragüenses carecen de infraestructura adecuada, así como de recursos humanos y financieros necesarios. Los futuros logros de la ciencia en Nicaragua deben incluir una presencia equitativa de mujeres, la participación igualitaria en equipos internacionales y un menor sesgo hacia las tecnologías sanitarias.
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